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2. EXPERIMENTA·l,·· 
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2. l ·T~st Equienent 
·, .:: ..... : . -:,• ·. 
· The test f.~cJlity cot(s:i.st s ~:f· a :suct.iott t:rtnk __ , ·.suct·.ipt1. pipe:, 
'· 
,in a co.ntli1.uous· ftow- l.oop.: E:>et e:rn.al .. · t.o t.l:t.i.s .. f.low ~ry·stem is :tl1e pump 
.. 
The layout of- thi's ·eqµipr.n.e·nt ·is ·showA in ·, . 
, 
. '\ f.tgures· 1, 2 .,. J' and. 4 •· 
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,·Pu.m .. p - T-he· pump .. is a t .to 8 sc:ale mod:~l of: th·e :¢entrif:trgal 
. :putt1ps. on t·he ·Corp'.$: of ·E:ngl_n·~;ers.' Hopper Dred.g:e ES.SAYON.$ •. The pump· :is a.-
.o. r·ad:i.al .flow l;yt>e· of d.esi:g.n wh·ich rrte.an.s .th.e £,It.1.id. ·is· tur-ne_d n~·net.Y de:gr.ee.s. 
,,. .as i.t: pass.es. tbrough the PtJ.mp. :the .front of tlie: purn.p casing. is inade of' 
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- . --~· p·lexiglass ·so that· act'1·al .. £1:ow ·:q.9n.dl'tion·~ -~.~tn b·e ob:~~:rved \ti-itq. hi.gh- ... 
$peed photography. 
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wa..s .c.alibrated by the manufactu·rer· s.o. t-hat the p'ower ·input .c··ould. b:e 
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. .. / • j 
irtput .. .-
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Figure 1 Side View of Suction Tank and Model Dredge Pump 
Figure 2 Fron-t View of Suction Tank and Air Flow Meter 
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Su.ction .Pipe and. Air Compre-ssor,, - Tl1e __ ·4-.·s:- i.nch .d~iameter suction· 
·pi:p:e is .:also mad-e of plexiglass so that the air-~water ·of Low patterns ca:n ..J 
'v 
l,.e, ob,s~·t:ved a~d _photo.graphed. The .. air i·s prov--i..d:,ed -by ·.a ·r.otary cqmpr-ess.or 
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J J 
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driven by a 7 .. 5-· HP B:Jt-erna.ti.ng :c_tirre.nt motor. T·hf.s :-c:om:pressed, a:i~ is 
fi ltertra· and -cool"ed b·ef9re. injecti.bri. int·? tJ1.e sue-ti.on lin·e. . ~ .. ir injection 
J 
is accomplished by a: manifold with_ sixt:een :fl:ex·ible· .hose·s co·nne·cted to 
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1./-.1:6 . inch. d.iam·et·er holes dri l~ed 't.h-t'dUgh·· the e·nd fl.apg.e .of: the·. SUc:ti0 0-n . 
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.Measuring·· Equipmen-t - The· ,-a-i.r f·.l·ow·· is·· 111¢·a::s_ured· ·w:ith a - r:otame-cer 
-~ 
~ 0 q.-ali:brated to read scfm air at 2;5,': .. · psi·:'3, 70 .f._. The ai-t: t_empep.-ature: at t:lre' 
£·.tow· me.ter ~s measured with a .c-all-b:rated resistance wire_,· tempe_r·atu,r·e. :gage. 
The: ·air ·pre:s.su-r~·-. ·at: the';~ete~ As .. _.also measured' and al-l air· v:-O·lume.s: a:r:e: 
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'T·he: .suc-t:i.on ~n·p.: . discharge he,ads\ are measured ·w_i th ma·nometer s. 
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'r-h~ .sucti.on head ... is tnJ?as·ured· i~ · t·he. suc._tion pipe q·~e inch upstream ;rom 
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ti'he ·outer. e_dg·e of the punrp -face w -The discliar.ge .h-ead is measured in· ._t::he · 
-.. . -
d:Ls.ch~rg¢ pipe:_, 1i·-:. 8 tnche s above the· pump: c.entet:line, and 2". 8 inches_._: a 
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above the gi_sch:~:r.ge .flange of the pump.: _,_. 
t· -~"_, 
::z_.;z... Characteri:stics of Pump Without Air ,Injection 
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In order to charactertze/·(he. pump used ·:rn thi:s.:investlg:~.t.lOri\,' 
~ M > 
:a flt:~nqar:d pio.t- of 
. -
th~ ~putn~p:' s· c_ha.r-~.c:t_er:{sJ:].c:·$ Js glven in Figure 5. 
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Fig::ur:e 6 is a :dirnen.sionless p1.o·t of -the .same. d·at~a ... : ;Sp~:ciflc- speed ts 1: 
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·anqther: way wh·tch ·can b'€ 11.sed t.o de.ec.ri:be ~ .. -pt1nip·. Tbe· s·p.ectfi:c: spe:ed· 
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_I·i;l ·CQJ;ll_puting th~. s.p~clfi_c· speed_: 
:.,. 
'.,.. "': 
. ., ~ ...... ,: 
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/$pecJ.£i.c -speed as ·f o Ll"ows. 5 
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Dimensionless Pump· C~oracteristics 
( No Air - 1440 RPM) 
Dimensionless BHP i Efficiency a 
·· Dimensionless Head 
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:2:. 3· Test Procedures 
. ·~ ... 
·) . .. ~ .. ··. 
The objectfve of the· exp:e·rim~:C,ntal ·pr.ogra~- ·wa:s.:e.o ·:det.ermirte. 
' -
.. ),· 
w:h.~t- ,e.ffe:ct:···. t'h~ .. injecti.on of air in the_· .sl1cti . .on lft1e·- had on a .c:~ni:tr:ffµ:gal 
~~--. 
-· 
.·p· umn •. 
': ' ·_, .. f;' In pa.rti_c.qlar:; quant.lt'~tive·::.:data on t·he ·.inJ·f2¢t:e.d -a.:i.r-:pulll:p 4·ts--
·;.... 
cn.at.g·e ·~re.l"tltio.nshtp· w:as desir.e·d .. 
.. 
. dr·ed-.g·e ·Pump; :certa:in rest:ricti-6.ns wer€· pla¢-ed-.. qri th:e tes:t .equi,r>men:t and.·-. ' . .• ·-
. 
' th·e t.e·$t· pr:o~:edur.:e, in or:de•t· t·-0 simulate the_, atet:ual dredg·ing operati·on_. 
. ' 
.' ,· the st(c_tion system Oi;l. a ho·pper dreii;pe has no regulating value. 
Any regt1l}~t.~on i-s acc.orriplis_he-d .:by:~rai.s~~-n:g and l_pw·e.r·if=tg~--:th·e: drcagh.ead ·(the 
·end o_-f. thEi': ;su·ction _pipe) from the :mu·d ft t:s. ·dtedg,ing_. .I:·n order t:o s.imu·~ 
~--
l_a_t.¢, :this: ·energy los.·s dif.fetent s.:ize :6J:'if:i.ces w.e.re- b,olt¢q. ···on tite ·.end of· y 
• •• ,.·., ...... ·-·· 
'" .> 
.~-ize ·o.f'the or:iftce :oh t'h,e: erid :-of: .the- sucr~.t:o.h pipe and th·-e ~.etting>o£ th·e . 
. . . . ~ 
..,. 
ra·:t~e· .and the air· inJe,ct:'ion·, J',~te. Additionally:, sevet:·a.1. :te_s:t.s were run 
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e.t:er s. 
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... !, • 3'.. Th~ 1)Urt1p_!m·otor was. ·started and -adj~~ted to the desired 
:! ·" ! 
·· t.es.t spe.ed. (usually llt40 RPM - the- :_pump· design speed)-.. 
:. The Water dJth' in the su~tion tank was adjusted· to 
··:11::i1.tet)t-six inche.s~ .This is· .equivalent to 11'. 7 ft above 
.. 
" .. 
c.e·n:ter·li,ne o_t ~the P:rot.otype p.u.mp •. · 
., 
r-· 
,5:·· . T.he -·dis,charge' valve-, was:. opened _t1n:t·1l .the d·e:si-re:d fJ:ci~ ' -~· . . . . 
... 
-r~:t.e wa~ ... i:nc:lic.ate.d on :t.he Dyna:l'og recorder .. 
6.. The p'iimp :S:p$ecl -was .read:j·ust:ed. to the: des 1i:red:: ~:.p~~d-~, ; '; ~ 
\ --7. 'cf :T·he· ·v:o:Jtage ·arid ampera_g.e, were reco.r.de.d. 
.. )--i, 
were· recor·ded • 
9., Air was t-n}e-cted ·f·nt:o _the stic..tf;qh line :and :~ga1i1.: ;,the 
-'\:'. .··· .... 
; 
vo.lta·ge, ·amper&g.e , .. ·:f°iow rt~te\ a.n.d ... suc:t i.on _:and· discl1ar-ge 
... • ..... 
pre'.s.sures· wer:e: r·ecor:ded· ... Also ·t·he _-a.f,r :fl.ow a'nd' .~it 
,! ' pre-sst1r·e :wer·e ·r.eco:rd·ed. 
·,. 
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Earlier te~ts with 11:his. puinp ~!his impe_lle'[' iildicated that 
1440 RPM was the most efficient pump s-pe·ed. 2 ;· The.ref ore, -almost. al.I the 
. ' ' 
. ,. 
test.s were run· a_t: this. speed. 
\·. 
A 
. ·s-e\terat tests were re--run as a check .on the reliabiJ_t:ty· of :the-
,-(la}.ir •. ·+:he resu1_.ts of ,.;._two ·tests are 1shqwn in Figure,,. 
. . . . 
•· 
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The initial settings for water (tischarg.~ wer·e 380 GPM,-· 550 GPM, 
"655 GIM, 760 GPM, 850 GPM, and 1000 GPM. Data :w.as take·n for zero air . 
. . . 
=~_:·tnJection .and for air· injec.tio:n. in approxima.~~-.ly oqe· .c>f~ incr.eme·nts .u·ntit 
t_ .. he. :· · · · · · 11 · · · d 
. pv.mp co- . ,apse · .. . .,. 
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The results presented_ in .. this· repor~ ~\as,e·d .on ·t'e·s·t·s :pe·r::~ 
' \ . . 
-~ . 
C?ne-e.ighth. s.cale nrodel :pump. It is· the.re·f°or·e. use-fut to: 
. 
t·ormed ·with . a 
.------'* 
·" :briefly discuss· th·e .simi la.r.ity laws used :in scal.~d .. i;nod.els of cen-trifu_g~l 
:pumps. 
. •, . ·' 
The use. ·0£. ·mod.e l_·s: to study· pr:o'tot.ype punips :r·egti:i+-~s: g_eome .. ttic 
similitude as well a.s geome.tric.al).y sittril:a-r v'=·c-tor ·al.agx·am-s o·f th~ 
· velocity entering .and· .. le·aving the, :moving p.ar.t-s: •.. ·v1:s.cot1.s· e.-'ffe.:c:ts mu·-st 
-- I· 
~.:-ili.:;~.be.- .neglected ·as it is= g:e11er~lly: i111pos~J.ble. to. sat.lsfy· ·t·~e. geometric 
similarity requi:re·m·en:ts .and h·av,e eqµ_a.i' ·Re.'yn.olcI;a ·rtumb:e:r~ :in th·e :ID'O:d:ei and: 
.. 
.. 
. ' 6. 
in the prototy:pe. ·: 
~- "-: 
. 
.. 
·t:·h~: 'ntost ·f:rhp't>rt: .. ·an.t iic't·:L:on :i.n ·a pump is<: ·the: d·yn~lc tr::a·.n$f·~r 
- ~- i (H· 
..... , of :ettergy frOlll · .. the totat'in_g irnpe:Jlet :to tbe, ,mov·:f.ng ~luid. If ~Wt> pu~ps . 
. , .. 
'\ .... 
•,· . -. 
a:re geo~¢trj.cally similar :art_d bav:e ·similar vector diagrams, the_y ar~---" 
• • • f· -':--
- - ( 
hom..:ol9gou.s·~. H:oµiologoua ·ptm1ps: .. a_l_s .. o. ltav-e simil.at streamlines.,. a~~ .fo.i;-
"" . ~ractical, 'pµr,.p.o~e~. d:ynamic Si~i litude. e~lst-s. ft .-'i-S ·th:eref·ore assumed 
~ . . ..... 
,· 
-· 
.. that the sc.ai.e mod'el pUillp' µs.·e~ ·for these ex·perimerits.>tan accurately 
. . 
, ~ .. 
predic·t ·.t~e perf_ormance character:.istics of the .. _pr-ototype pump. Alth·ough. 
. . . . .. ,·· 
,.. ' 
1thi.s is a model pump, the total head and the velocity are .n·ot. scaled 
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:T-:1il~ ,pred.::fc_~ion of prototype performance from 'tests of a homol-
.. • . ' ~ . . 
" '· . .·· . . 
o·~ous ,mode.l ri~quir-et; the 'use· of certain genera 1 laws of. simi lari·t.y. ·· Th·ese 
.... ·. - .. 
similari_ty law-s d.e:fine a' .g.r:o·up ,of dlm_ens.i.onless terms which -i.n :tu.rh can . 
··· .. -1. 
. I ,. :i 
.· Dimensionless Terms .... 
-~--~ -. 
\ 
~ -(.=-- . 
a. Dimens-ion1e·s'S :ije:a_d\ l{p:0,I, -~ the :physic.al :niean·in·g, o.f HDIM. 
;: (trl$:P ~:c:all,e.d s:p.e·.c·\flc, liecid}:. ·refers to .the :fn.pu.t -et1::er,gy _p·er. un·tt .. -mass pe·r·: 
t.e.vq.iu tfo.ti f_o:t a_ri 1.mp.¢ll.e·1:· ··o.f l. -·Jst ·.-. d:i-ame::t~er.~ In. -the. climenst o.n-les.s. f ornt 
' t~he·· revo:-iut i,0n.5: ·pet .minute are. cihang:ed to ·radians per .S'eqpnd .. 
• -''. ,,y_,·-~!::1. , ...... \:·; ,. •I-':'-, • •.. .•. JI ·,.., 
··"·· 
-:~· 
,. 5·~: 
. ., 
... ~ .. 
t,y·p··e ·are equate9_, :the. foi-lowin~: r·e·Jation beftwee·rt -pr:ot.ot·yp:e spe¢d and 
~· '.· 
b .. 
·-- ~ '. . • .. · 
Dlmertsfqrtle,·ss J)isch,arge, QDIM 
:i • 
QDIM (also c·;:1··11:ed ~p~ci;fic e:··apacity) 3'5 the volµm.e 'of flu.id pµmp$d pe:t 
, . 
-~- . -~ 
unit reyolu.-:tion per. s~cc>nd with. an impe lle·r of t-:ft. .diame"t:·er ... 
··"' 
• 
.. QD.IM,:=-· Q/RPM n3-··· ,. 
~-· 
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·.} ... · . . 
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Dimensi_o~_less. Bra~~ .lJorsepdwer - ' 
J 
Brake· horsep·ower is a 
' 
. 
.· 
. measure :-of the· energy. input to the pump shaft; ., In these tes.ts the voi't-
age 
1
and- amperes were .measu'red- to ·determine the energ_y input- ~tN> the pump. 
~ .;.. . .,., ...... ;' 
T·h~s.power require~e.nt i~ modified by a constant· fact-~r to account for 
-~ 
·lo.ss,~s incurred· in transforml.ng elec.t_~i'c·a,1 · input to shaft horsepower .. ....._ 
' 
Pltmp ·efficiency· is _defined a·_s., t~e. ·ratio of pump energy output to the ~ ''f. 
.. 
energy input ap_plied ~9-· t.-J:.1~ J>ump shaft.· ·It· follows tl1at . .. 
. BHP .== wiIP/EFF ·J 
'• :the as.sumption is made· that t·he -e:ffi~iertc_y in. ·the model wt:11 --~ "\:.:~ .. -
I 
.e:qua1. ·.t-hat .of th:~ prototype: •. A:c·t·ually·'·:prototiype effi.cienc:i·es' .a~re ·.·-~ 
usu.a11:y sligh·tJy ·h.igher than fho·se ·ln the mode·.l qu·e: .to higher re.lat,iv·e ,·. 
r~, ~, :~ 
:---,1,-
-~· 
... 
. . 
. -: . BHP ·- 64. B-HP . 
··p.. ···m :( 
... : 
. , .... · 
·, . 
.. l.2. Effect of Air Injection on Wat~r Discharge 
,--'-:--
There was very little reduction in discha.rge 1£· :th-e.- amQunt of 
' 
. JnJ:e·cted· air ,.w.as· le-$s than two· J>ercent o.f .the wa_ter :disc:harg.~_. ·Th:Ls w.as 
trµ.¢ rto matt·er what , the .. ·value· .c.>':f . the in,i tia:~ ., w.aee.t ,dis.charge..,. 
' ....... 
..· .• ,.,' .. 
.. The water:: 'di $Ch~r:ge· rem·!~rin~d: fat·r:ty cQ.n$tant '1ntii. a cere:ain 
··a·tr· !npu·t was .. r¢:ached .. At :this . ·poi_nt·· the di:~ch"a~ge f e.11 .off ra·pi9ly ~ . 
. i 
Righ;t at thfs c:lrop.:.of f point .the- cqQ.d·it.ions were very unstable·. A lo·ud I . . •. I 
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. 
. (', 
I :. 
• 
. 
vihj"atory nbis.e was set up by. the ·pump- and the discharge ·woufd 1,egiO: to · ·. ··· 
o/cillate. · For a given disc'1arge .. and orifice the' d;rop-off point Nwou ld 
. ·-·----<..::..~ -
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The reduction :in .. wa:t:ei; ··disch~rge with increasing air flow is .' 
... J. ... ~•·• • t 
i 
. '"" / ~~L-.,. ' 
drop..:.off the. dis_chatge b·egins._ t:.o ·stabilize up until the collapse point 
o.f. th.e pump. -
' 
-~ 
The ·l:l .. ct·µa:1 -am:oufiit .e>.f ·;al.r i1:rje¢·t-io11 wnlc:h c:au-se·s the· pump. t·o 
-increased the .flow grac;lual ly pr.ogre ssed into . a. s·lug. · flew in .. which: the. atr .· . 
. w·as no longer, all en.f:ra'ined in 'th~ \-1atEfr. :A: ·s1..u:g of water. with some ait' 
0 • 
:WQttld be f ollowecl by a: :s.lug. ·of ai.t .. whlth: c··orit.p·l·etely: -filled the suctioni- . 
.. .. , ·. 
' . 
:p:L.p.e. ::eump ·¢·o11·ap~·e wou·Jd ;follqw shottt.y. a:fte·r'-" t'hi.s condition was :r·eached. 
-:<-., • 
·th·e: ·wat·e.r d} .. ~cha·r.ge··-standard air '.fl-ow c.µt-Ve$ (Figure 9) were·. 
~-
·-plot:ted: pr_i.maril.y t.cl ·r=ec:otd ·the col lapse _polht. It s:hould be noted· that 
. I. 
..::·--
./ iv, 
... ·the-: w·ater discbar.ge· :axis· b.egfrts at· .3:00 GPM. This: was· done to keep:. the 
.cf.et:.c9-'il ovet t.h·e u.se·fut (i.ow r.an_g.e. T·he· pbtnt·s plott.·e.d dir.ect-ly· on tJ;ie:. 
. . . ' . ·: . b '. ·:' _. .· .'. 
abs·ciss·:a ate .. the collapse ,points whete water:d.is.c.ha~ge 1-~ zero. Putting 
:·a verti,c.al tangent. at t.he,se :po1nt'if d.istort·.s,. ·the lower :p··art of the curve. 
Howe,,.er, no._ inte-r·me·diat.e: :points cou:td be o°Qtained: ·due to .,the·, instabi lit:y 
o·f: _the c·o,llap.s.l,ng ·pump.. The' 1.ow·et· :Part. :of: the:s.e· ·cutve':S :Should tnere.f ore 
s\~_.1:i e: co·n.s·.i d er ¢cl p.ur:.e lf qu.a :lit at i:v~ .. 
I 
I 
3.3 Effect of Air Injection on Total Head Developed 
-. • • ••-r~7 
_.; 
,. 
, ,.,;-
·. · The ef feet .of the· iq.jected air on thei total. dyn,amic he~~ _?f:· 
This plot repre-
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sent~ the ·result-s of a series of .seven tests .. It was not pcrssible to 
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